Cross-sectional studies have linked decreased adiponectin levels with several metabolic traits, including insulin resistance, dyslipidemia, and metabolic syndrome. Previous studies conducted to investigate the effects of acute or chronic exercise on the serum adiponectin have produced conflicting and controversial results. Objective: To investigate the effect of supervised aerobic training of moderate intensity on the total serum levels of adiponectin and its relationship to insulin resistance and body weight in subjects with type 2 diabetes (DM2). Methods: Thirty-five patient participants diagnosed as having DM2 mellitus for more than 5 years with normal or near normal body weight took part in this study. The diagnosis of DM was based on the American Diabetes Association criteria for type 2 diabetes mellitus. Serum levels of blood glucose, insulin, total adiponectin, high molecular weight adiponectin, and insulin resistance were determined before and after a 12-week program of supervised moderate intensity aerobic training. Results: Twelve weeks of supervised moderate intensity aerobic training produced a significant reduction of fasting blood sugar, fasting insulin, glycosylated hemoglobin, and insulin resistance in male subjects with DM2. By contrast, a significant increase in the total serum adiponectin and high molecular weight adiponectin has been reported. There was no significant correlation between the reduction of the body mass index, insulin resistance, and the increase of the total serum adiponectin or high molecular weight adiponectin. Conclusion: Prolonged exercise training of at least moderate intensity improves levels of adiponectin and insulin sensitivity in men with type 2 diabetes.
Brief communication (Original)
Adiponectin is a hormone secreted from adipocytes, which is proposed to play a key role in metabolism [1] [2] [3] . Cross-sectional studies link decreased adiponectin levels with several metabolic traits, including insulin resistance, dyslipidemia, and the metabolic syndrome [2, 4, 5] . Moreover, low levels of adiponectin predict future development of diabetes [6] , cardiovascular disease [7] and obesity-associated malignancies [8, 9] .
Several multimeric forms of adiponectin circulate in serum, and these various forms are postulated to have differing biologic activity [10, 11] . Highmolecular weight (HMW) adiponectin is proposed to be the biologically active form of the hormone, and, therefore, it has been proposed that HMW adiponectin may predict metabolic parameters better than total adiponectin [12] . This is in addition to direct and indirect functions related to endothelial cells because HMW adiponectin promotes insulin sensitivity and inhibits inflammatory mediators [13] . Full-length HMW adiponectin assists insulin to inhibit glucose production by the liver, while the globular domain of the adiponectin protein promotes fatty acid oxidation in skeletal muscles and other tissues in both animals and humans [14] .
Previous studies conducted to investigate the effects of acute or chronic exercise on the serum adiponectin produced conflicting and controversial findings. Some of those studies found that the adiponectin level in blood is not affected by acute exercise in healthy, normal weight subjects [15] [16] [17] . By contrast, adiponectin levels were found significantly decreased immediately after exercise and increased 30 min after exercise in other healthy subjects with normal weight [18] . While a short period of exercise training for one week increased adiponectin levels and insulin sensitivity in obese subjects without weight loss [19] .
Some investigators concluded that acute and chronic exercise do not affect adiponectin levels in lean and healthy subjects [20] , and 8 weeks of intensive training that reduced abdominal fat and increased insulin sensitivity had no effect on adiponectin in diabetic men [21] . On the other hand, aerobic exercise training for two to three times per week in the presence of weight loss increased adiponectin levels and insulin sensitivity at week 16 in obese subjects with moderate dyslipidemia [22] . To clarify the effect of exercise on adiponectin levels, we sought to investigate the effect of supervised aerobic training of moderate intensity on the serum levels of total and HMW adiponectin and its relationship to insulin resistance and body weight in patients with type 2 diabetes.
Materials and methods Subjects
Thirty-five men diagnosed with type 2 diabetes mellitus (DM2) for more than 5 years with normal or near normal body weight participated in this study. The diagnosis of DM2 was based on the American Diabetes Association criteria (fasting plasma glucose level higher than 126 mg/dL and/or a glucose level exceeding 200 mg/dL at 2 hours in a 75 g oral glucose tolerance test) [23] . General characteristics of the participants are shown in Table 1 . All were nonsmokers and had no history of abnormal alcohol intake. Standardized measurements of weight and height were taken in light clothing without shoes. Standardized physical examination, and collection of serum samples were performed at week 0 (before onset of the training program), and after a 12-week program of moderate aerobic training. All subjects were requested to consume no alcohol and not to participate in other recreational activities (including other exercise programs) during the study period. Exclusion criteria included a body mass index (BMI) of more than 30 (kg/m 2 ), type 1 diabetes, smokers, anemia, overt complications of diabetes like nephropathy, neuropathy, retinopathy, obvious ischemic heart disease (angina, myocardial infarction, and lead electrocardiogram abnormalities), HCV, HBV, chronic liver disease, hypothyroidism, and drugs (diuretics; oral contraceptives). This study was approved by the ethics committee of the Rehabilitation Research Chair (RRC), King Saud University, KSA, under file number (ID: RRC-2013-010). All participants completed and signed an informed consent form before starting the study.
Procedures

Blood sampling and analysis
Blood samples were obtained from all subjects at 0800 h after an overnight fast before and after the training program. Venous blood samples (5 mL) were collected into plain tubes, the samples were allowed to clot for half an hour following which samples were centrifuged for 15 minutes at 2000 rpm. Samples were given a coded study identiûcation number and were stored frozen at 80°C until analysis. A) Analysis of blood sugar and glycated hemoglobin (HbA1c). Blood glucose was measured using a glucose oxidase and peroxidase (GOD-POD) colorimetric method (Quanti Chrom Glucose Assay Kit, DIGL-100, BioAssay Systems, Hayward, CA, USA). HbA1c was measured using a commercial kit (Bio-Rad, Richmond, CA, USA), normal range from 3.5 to 5.5% (coefficient of variation 5%). The assays were performed according to the instructions provided by the manufacturers. Adiponectin response to training in diabetics B) Analysis of insulin and insulin resistance (IR). Serum insulin level was determined using an ELISA (human insulin ELISA kit, KAQ1251, Invitrogen Corporation, Camarillo, CA,USA). Insulin resistance in fasting state was determined using a homeostasis model assessment (HOMA-IR) and was calculated from fasting insulin (IF) and fasting glucose (GF) as follows: HOMA-IRZ(IF!GF)/22.5 [24] . The units for IF were mU/ml and for GF mmol/l. The validity and reliability of HOMA-IR have been ascertained in previous studies that have demonstrated a high correlation between HOMA-IR and the glucose clamp technique not only before, but also after, treatment in type 2 diabetic patients [25, 26] . C) Adiponectin assays. Serum levels of total adiponectin and HMW Adiponectin, were determined using a novel ELISA (ADIPOA; ALPCO Diagnostics, Salem, NH, USA). The sensitivity of this assay is 0.04 ng/ml. The recovery rate was 99%-103% for total adiponectin and 97%-105% for HMW adiponectin. The effect of serial dilutions has been tested on human serum samples, and linearity and specificity of the assay has been documented [27] . All samples, before and after exercise, were measured together in the same assay according to the instructions provided by the manufacturer.
Exercise training program
Each participant underwent the exercise training program three times per week for 12 weeks. The program was designed in the form of a treadmill walking mode. Each participant's training intensity was calculated as training heart rate (THR) based on his age predicted maximum heart rate and resting heart rate obtained according to Karvonen's formula [28] (THR = HRrest + (HRmax -HRrest) × TF, where HRrest = resting heart rate in bpm. HRmax = maximum heart rate in bpm. TF = training fraction; was from 65% to 75% for moderate intensity used in this study. Each exercise session consisted of three phases, that is, warm-up, active, and cool-down phases. During the warm-up phase, the subject performed a simple stretching exercise for all large muscle groups and walked for 5 to 10 minutes at a TF equal to 30%-40%. During the active phase, the subject was allowed to reach his precalculated training heart rate (THR) in bouts with a total time of from 30 to 45 minutes. The last phase was cool-down, which continued for 10 to 15 minutes where the workload decreased gradually until the participant's HR and blood pressure returned nearly to resting level. Throughout the entire training session, the heart rate of the participant was monitored using portable heart rate monitor to maintain exercise intensity within the precalculated training heart rate.
Results
Data are expressed as mean and standard deviation, and were analyzed by using SPSS software, version 10.0 (SPSS Inc, Chicago, IL, USA). A onetailed paired t test was used to compare the pre-and the posttraining mean values of BMI, fasting blood sugar and insulin, glycosylated hemoglobin, insulin resistance, serum total adiponectin and HMW adiponectin. P < 0.05 was used to determine significant differences. The results showed that 12 weeks of moderate aerobic training produced a significant reduction of fasting blood sugar, fasting insulin, glycosylated hemoglobin, and insulin resistance in the participants (P < 0.005). The total serum adiponectin and the HMW adiponectin had significantly increased by 12 weeks of moderate aerobic training (< 0.005) as shown in Table 2 . There was no significant correlation between the reduction of the BMI or insulin resistance, and the increase of the total serum adiponectin or HMW adiponectin. 
Discussion
There has been much interest in serum adiponectin because of the observation that obese subjects and patients with type 2 diabetes have low serum adiponectin levels [29, 30] . Reduction of body weight by diet intervention [31] and medical treatment [32] are given to improve insulin sensitivity and also produce elevated serum levels of adiponectin. Exercise training can improve insulin resistance [33, 34] , but the effect of exercise training on plasma adiponectin and HMW adiponectin has remained controversial. Therefore, this present study sought to investigate the effects of moderate intensity aerobic exercise training for 12 weeks on serum adiponectin and HMW adiponectin and its relationship to reduction of body weight and improvements of insulin sensitivity among type 2 diabetic patients. We showed a significant increase of the total serum adiponectin and HMW adiponectin after 12 weeks of moderate aerobic training combined with a significant reduction of fasting blood sugar, fasting insulin, glycosylated hemoglobin, and insulin resistance, with no significant relationship between the reduction of the BMI or insulin resistance, and the increase of total serum adiponectin or HMW adiponectin. Our findings are in accordance with those of some previous studies that reported that even one week of exercise training increased adiponectin levels and insulin sensitivity in obese subjects without weight loss [19] , and aerobic exercise training two to three times per week in the presence of weight loss had increased the adiponectin levels and insulin sensitivity at week 16 in obese subjects with moderate dyslipidemia [22] . By contrast, our finding are inconsistent with other studies that found that acute and chronic exercise does not affect adiponectin levels in lean and healthy subjects after 20 and 8 weeks of intensive training that reduced abdominal fat and increased insulin sensitivity, but had no effect on adiponectin in diabetic men [21] . This inconsistency between the results of this study and the previous studies may be in part related to the subjects who participated in the other studies, and whether they were diabetic or nondiabetic or to the intensity and duration of exercise training and the baseline values of insulin resistance and BMI. The increased total adiponectin and HMW adiponectin seen in this study could be interpreted by the significant reduction of body weight in the participating patients at the end of the 12 weeks of moderate aerobic training because it has been found that the adiponectin did not increased significantly after two weeks of training without reduction of body weight, but after 16 weeks of training adiponectin levels had a significantly reduced association with a significant reduction in body weight [22] .
In this study 12 weeks of moderate aerobic training increased insulin sensitivity, which could be interpreted as increasing postreceptor insulin signaling [35] or by increased level of glucose transporter protein and mRNA [36] , activating glycogen synthesis and hexokinase [37] , or by increasing muscle glucose delivery and changes in muscle composition [38] . The improvement of insulin resistance noted in this study could be also related to the improvement of the adiponectin levels as previously reported [39, 40] , but in this study we were unable to find significant correlation between the insulin sensitivity and the HMW of total adiponectin. Therefore, further studies are recommended to investigate other factors that may explain mechanisms behind increasing the adiponectin by prolonged supervised exercise training.
